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Objectives. This study was designed to assess the angiographic 
and prognostic implications of an exaggerated systolic blood 
pressure response to exercise ("exercise hypertension") in adults 
undergoing evaluation for suspected coronary artery disease. 
Background. The clinical implications of exercise hypertension 
are unclear. 
Methods. Subjects for this prospective cohort study were de- 
rived from a consecutive sample of 9,608 adults who were referred 
for treadmill testing and who augmented their systolic blood 
pressure by at least 10 mm Hg. There were 594 subjects who 
underwent coronary angiography within 90 days of treadmill 
testing. Exercise hypertension was defined as a peak exercise 
systolic blood pressure >210 mm Hg in men and >190 mm Hg in 
women. Severe angiographic coronary disease was defined as left 
main coronary artery disease (>50% diameter stenosis), three- 
vessel disease (>70% diameter stenosis) or two-vessel disease 
with >70% diameter stenosis of the proximal eft anterior de- 
scending coronary artery. All-cause mortality was assessed during a 
follow-up eriod of ~2 years. 
Results. Exercise hypertension was present in 196 subjects 
(33%). Severe coronary disease was less common in subjects with 
exercise hypertension (14% vs. 25%, odds ratio 0.51, 95% confi- 
dence interval [CI] 0.32 to 0.81, p = 0.004). Exercise hypertension 
remained associated with a lower rate of severe coronary disease 
even after adjusting for rest hypertension, age, gender, exercise 
capacity and other possible confounders. During the follow-up 
period, there were 23 deaths; only 2 occurred in the group with 
exercise hypertension. After adjusting for severity of coronary 
disease, exercise hypertension remained associated with a lower 
mortality rate (adjusted relative risk 0.20, 95% CI 0.05 to 0.84, 
p = 0.03). 
Conclusions. In adults evaluated for coronary artery disease, 
exercise hypertension is associated with a lower likelihood of 
angiographically severe disease and a lower adjusted mortality 
rate. 
(J Am Coll Cardioi 1995;26:1630- 6) 
An exaggerated systolic blood pressure response during exer- 
cise (or "exercise hypertension") has been associated with a 
higher risk of developing hypertension at rest (1,2) and a 
greater prevalence ofechocardiographic leftventricular hyper- 
trophy (3,4). The prognostic importance of exercise hyperten- 
sion is unclear because conflicting results have been reported 
in healthy adults (5-7). However, in adults with suspected 
coronary artery disease, exercise hypertension has been asso- 
ciated with a better prognosis (8,9). 
There are few data relating the angiographic severity of 
coronary artery disease with the occurrence of exercise hyper- 
tension. Therefore, this investigation sought to study thc 
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association of exercise hypertension with angiographic findings 
and, secondarily, to study the prognostic implications of exer- 
cise hypertension in a population i  which the anatomic extent 
of coronary disease has been well defined. 
Methods  
Study population samples. Subjects for this investigation 
were derived from a group of 9,608 consecutive adults who 
underwent symptom-limited treadmill testing at the Cleveland 
Clinic Foundation between September 1990 and December 
1993. Gender-specific baseline and exercise characteristics are 
summarized in Table 1. The most common primary indications 
for exercise testing were to rule out coronary disease (men 
90%, women 90%), to follow up patients with coronary disease 
(men 4%, women 3%) and for preoperative evaluation (men 
2%, women 3%). No subject had a history of prior invasive 
cardiac procedures, congestive heart failure, cardiomyopathy, 
valvular heart disease, congenital heart disease or pre- 
excitation syndrome. Also, no subject failed to augment their 
systolic blood pressure by at least 10 mm Hg above their 
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Table 1. Baseline and Exercise Characteristics of the Population 
Base of 9,608 Adults 
Men Women 
(n = 6,761) (n = 2,847) 
Age (yr) 53 ± 12 55 _+ 12 
Weight (kg) 88 ~ 15 71 _+ 16 
Systolic BP (mm Hg) 132 _+ 18 130 _+ 21 
Diastolic BP (mm Hg) 87 ~+ 10 84 _+ 11 
Prior coronary events 43l (6%) 150 (5 %) 
Current smoker 1,016 (15%) 390 (14%) 
Hypertension 1,70l (25%) 862 (30%) 
Diabetes 483 (7%) 216 (8%) 
Lipid therapy 339 (5%) 142 (5%) 
Peak METs 10.3 _+ 2.5 7.6 _+ 2.2 
Max systolic BP (mm Hg) 198 _- 25 182 + 27 
Increase in systolic BP (mm Hg) 65 ~ 23 52 + 21 
Ischemic ST segments* 781 (14%) 264 (12%) 
Failure to achieve 85% of max HR 450 (7%) 282 (10%) 
Anginal chest pain 361 (5~) 397 (14%) 
*For subjects with interpretable ST segment responses. Data presented are 
expressed as mean value _+ SD or number (%) of subjects. BP = blood pressure; 
HR = heart rate; max = maximal; METs = metabolic equivalents. 
rest standing blood pressure. The latter requirement was 
designed to limit any selection bias related to a perceived 
greater likelihood of severe coronary artery disease associated 
with a blunted or hypotensive blood pressure response to 
exercise. To be eligible for analysis, subjects had to undergo 
coronary angiography within 90 days of the treadmill test; 594 
subjects were thus eligible for study. 
Clinical data. Before each treadmill test a structured in- 
terview and chart review yielded data on symptoms, medica- 
tions, coronary risk factors, prior cardiac events and a number 
of cardiac and noncardiac diagnoses. Weights were obtained by 
direct measurement. All these data, as well as stress test data, 
were entered prospectively on-line. All subjects gave informed 
consent before treadmill testing. 
Rest hypertension was defined as a rest systolic blood 
pressure ->140 mm Hg or a rest diastolic blood pressure 
->90 mm Hg or treatment with antihypertensive medications 
(10). Assessment of diabetes was based on chart review, 
questioning and medication use. Prior coronary events primar- 
ily included documented myocardial infarction or hospital 
admission for unstable angina pectoris. 
Exercise testing. Treadmill testing was carried out accord- 
ing to standard protocols, usually Bruce and modified Bruce 
(11,12). Leaning on handrails during exercise was explicitly not 
allowed. During each stage of exercise, data on symptoms, 
rhythm, heart rate, blood pressure (by indirect arm-cuff sphyg- 
momanometry), workload in metabolic equivalents (METs) 
and ST segment changes were collected and entered on-line. 
Exercise hypertension was defined according to Framingham 
criteria, namely, apeak systolic blood pressure during exercise 
->210 mm Hg in men and ->190 mm Hg in women (4). Exercise 
capacity in METs was estimated from standard published 
tables (12). If the final stage of exercise was not completed, 
patients were credited with the appropriate time-based pro- 
portion of the estimated METs for that stage. In subjects with 
interpretable ST segment changes (using all leads except lead 
aVR to a precision level of 0.5 ram), an ischemic response was 
considered present if there was ->1 mm of horizontal or 
downsloping ST segment depression 80 ms after the J point or 
if there was -> 1 mm of additional ST segment elevation in leads 
without pathologic Q waves. 
Coronary angiography. Coronary angiograms were inter- 
preted qualitatively. Exercise hemodynamic data were not 
made available to those reading the coronary angiograms. Any 
coronary disease was defined ->50% diameter stenosis in any 
proximal or middle coronary artery or major branch. Severe 
coronary disease was defined as 1) ->50% diameter stenosis of 
the left main coronary artery; 2) three-vessel disease (->70% 
diameter stenosis in each major coronary artery system); or 3) 
two-vessel disease with ->70% diameter stenosis of the proxi- 
mal left anterior descending coronary artery. 
Statistical nalyses. Subjects were classified into groups on 
the basis of the presence or absence of exercise hypertension 
(as previously defined). Gender-specific baseline clinical char- 
acteristics and exercise characteristics were compared using 
Student and Wilcoxon rank-sum tests for continuous vari- 
ables and chi-square and Fisher exact tests for categoric 
variables. 
The primary outcome measure of this study was the angio- 
graphic severity of coronary artery disease. For exercise hyper- 
tension as a correlate of angiographic coronary artery disease 
severity, unadjusted odds ratios and confidence intervals were 
calculated. The Cochran-Mantel-Haenszel tatistic was used to 
assess the association of exercise hypertension with coronary 
disease after stratified adjustments for gender and rest hyper- 
tension. To determine whether any interactive ffects between 
exercise hypertension, gender and rest hypertension were 
factors in predicting angiographic oronary artery disease 
severity, the Breslow-Day test for heterogeneity of odds ratios 
was performed. Multivariable, stepwise, forward logistic re- 
gression analyses were performed relating exercise hyperten- 
sion to angiographic coronary artery disease, with adjustments 
for rest hypertension, age, gender, weight, diabetes, smoking, 
prior coronary events, medications and exercise capacity in 
METs. In a second series of analyses, peak exercise systolic 
blood pressure and resting systolic blood pressure were treated 
as continuous variables; also, the association of increase in 
systolic blood pressure divided by exercise capacity in METs 
with angiographic coronary artery disease was analyzed. 
For descriptive purposes, subjects were classified into 
gender-specific tertiles of rest and exercise systolic blood pres- 
sures. For men, the tertiles of resting systolic blood pressure were 
86 to 128, 130 to 144 and 146 to 200 mm Hg; and the tertiles of 
exercise systolic blood pressure were 124 to 178, 180 to 202 and 
204 to 272 mm Hg. For women, the tertiles of rest systolic blood 
pressure were 92 to 122, 124 to 146 and 148 to 204 mm Hg, and 
the tertiles of exercise systolic blood pressure were 120 to 174, 176 
to 198 and 200 to 290 mm Hg. The prevalence ofsevere coronary 
artery disease was then plotted as a function of gender-specific 
tertiles of exercise and rest systolic blood pressures. 
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Table 2. Baseline Characteristics as a Function of Exercise Hypertension in Men and Women 
Exercise Hypertension i Men Exercise Hypertension i Women 
Present Absent p Present Absent p 
(n -: 128) (n 332) Value (n = 68) (n = 66) Value 
Age (yr) 59 +_ 10 60 + 11 0.58 62 _+ 9 56 +_ 12 0.0004 
Weight (kg) 91 + 14 86 + 15 0.0004 78 +_ 16 74 _+ 19 0.22 
Systolic BP (ram Hg) 150 ~- 21 134 -2- 18 [I.(/(101 151) _+ 22 124 _+ 17 0.0001 
Diastolic BP (mm Hg) 93 + 11 86 _+ 11 0.0001 88 _+ 11 82 _+ 9 0.0003 
Prior coronary events 13 (10qJ~) 71 (21%) 0.005 14 (21%) 5 (8%) 0.031 
Current smoker 19 (15%) 41 (12%) 0.48 10 (15%) 9 (14%) 0.86 
Hypertension 57 (45%) 112 (34%) 0.031 40 (59%) 25 (38%) 0.015 
Diabetes 21 (16%) 45 (14%) //.43 13 (19%) 6 (9%) 0.10 
Lipid therapy 10 (8%) 22 (7%) (/.65 4 (6%) 6 (9%) 0.53 
Data presented are mean value = SD or number (%) of subjects. BP - blood pressure. 
A secondary outcome measure was all-cause mortality during 
-2 years of follow-up. Mortality was ascertained using the 
Social Security Death Master Files (Epidemiology Resources, 
Newton, Massachusetts), a source of death statistics that is 
somewhat less accurate but more current and specific than the 
National Death Index (13,14). Unadjusted eath rates as 
functions of exercise or rest hypertension were compared with 
the log-rank chi-square statistic. Kaplan-Meier plots were 
constructed relating mortality to exercise hypertension r rest 
hypertension. The Cox proportional hazards model (15) was 
then used to relate mortality to exercise hypertension after 
adjusting for a series of potential confounders in muitivariable 
models that contained no more than two covariates each 
(because the total number of deaths was 23). Confounders 
included age, gender, est hypertension, angiographic coronary 
disease and exercise capacity in METs. One model related 
mortality to peak and rest systolic blood pressures, with both 
blood pressure variables treated as continuous variables. In a 
secondary analysis, the impact of peak exercise systolic blood 
pressure, treated as a continuous variable, on total mortality 
was assessed in the source population of 9,608 adults after 
adjusting for age, gender, rest systolic blood pressure, antihy- 
pertensive medications, moking, diabetes and use of lipid- 
lowering medications. 
In supplementary analyses, odds ratios and confidence 
intervals were calculated for any potential association between 
exercise hypertension and referral for coronary angiography. 
Abnormal ST segment responses with and without exercise 
hypertension were compared among patients with no and 
those with mild (i.e., not severe) coronary disease. The purpose 
of these analyses was to determine whether a higher propor- 
tion of abnormal ST segment responses among patients with 
exercise hypertension and no or mild coronary disease may 
have led to a selection bias whereby patients with exercise 
hypertension a d less severe coronary disease would be more 
likely to be referred for coronary angiography. 
All analyses were performed using Version 6.08 of the SAS 
statistical package (161; p < 0.[)5 was considered significant. 
Results 
Baseline and exercise characteristics. Exercise hyperten- 
sion was found in 68 (51%) of 134 women but in only 128 
(28%) of 460 men (p < 0.001) (Table 2). Subjects with exercise 
hypertension had higher rest systolic and diastolic blood 
pressures (p < 0.001 for both men and women), were more 
likely to have a diagnosis of rest hypertension (p -- 0.031 for 
men; p = 0.015 for women) but were less likely to have had 
documented prior coronary events (e.g., 10% vs. 21% for men, 
p : 0.005). 
The most commonly used protocols were Bruce (39%) and 
modified Bruce protocols (44%). There was no significant 
association between protocol assignment and exercise hyper- 
tension. The most common reason for test termination was 
fatigue (83% in subjects with and without exercise hyperten- 
sion, p = 0.94). 
Subjects with exercise hypertension had a markedly higher 
increase in systolic blood pressure during exercise (74 vs. 
44 mm Hg for men, p < 0.0001; 58 vs. 37 mm Hg for women, 
p < 0,0001) (Table 3). There were no major differences in the 
frequency of anginal chest pain or ischemic ST segment 
changes. Men with exercise hypertension were more likely to 
reach 85% of the age-predicted maximal heart rate (p = 
0.001), whereas women with exercise hypertension had a lower 
exercise capacity (p = 0.0074). 
Exercise hypertension and angiographic oronary disease. 
Any' coronary disease was present in 111 (57%) of 196 subjects 
with and 241 (60%) of 398 without exercise hypertension. 
There were no significant differences in the prevalence of any 
coronary disease between the two groups (odds ratio [OR] 
0.85, 95% confidence interval [CI] 0.60 to 1.20, p = 0.36) 
(Table 4). 
Severe coronary' disease was present in 28 (14%) subjects 
with and 98 (25%)without exercise hypertension. Subjects with 
exercise hypertension were thus less likely to have severe 
coronary disease (OR 0.51, 95% CI 0.32 to 0.81, p = 0.004) 
(Table 4). 
In stratified analyses adjusting for rest hypertension, exer- 
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Table 3. Exercise Characteristics as a Function of Exercise Hypertension in Men and Women 
Exercise Hypertension i  Men Exercise Hypertension i  Women 
Present Absent p Present Absent p 
(n - 128) (n = 332) Value (n = 68) (n = 66) Value 
Peak METs 8.5 ± 2.4 8.3 ± 2.5 0.41 5.8 _+ 1.8 6.7 _+ 1.9 0.0074 
Max systolic BP (mm Hg) 226 _+ 16 179 _+ 18 0.0001 209 ± 18 164 _+ 18 0.0001 
Increase in systolic BP (ram Hg) 74 ± 23 44 ± 20 0.000l 58 --- 23 37 --- 17 0.0001 
Ischemic ST segments* 72 (68%) 168 (64%) 0.49 26 (50%) 24 (52%) 0.83 
Failure to achieve 85% of max HR 13 (10%) 84 (25%) 0.001 14 (21%) 16 (24%) 0.61 
Anginal chest pain 34 (26%) 106 (32%) 0.26 25 (37%) 35 (53%) 0.058 
*In subjects with interpretable ST segment responses. Data presented are mean value -+ SD or number (%) of subjects. Abbreviations as in Table 1. 
cise hypertension remained predictive of a lower likelihood of 
severe coronary disease (adjusted OR 0.48, 95% CI 0.31 to 
0.76, p = 0.002). No interaction was noted between exercise 
hypertension a d rest hypertension in predicting prevalence of 
severe coronary disease. Similarly, in stratified analyses adjust- 
ing for gender, exercise hypertension remained associated with 
a lower probability of severe coronary disease (adjusted OR 
0.58, 95% CI 0.36 to 0.95, p = 0.022). No interaction was noted 
between exercise hypertension a d gender in predicting prev- 
alence of severe coronary disease. 
Multivariable analyses. In multivariable, forward, stepwise 
logistic regression analyses adjusting for age, gender, resting 
hypertension, weight, diabetes, moking, prior coronary events, 
medications and exercise capacity in METs, exercise hyperten- 
sion remained associated with a lower likelihood of severe 
angiographic coronary disease (adjusted OR 0.58, 95% CI 0.34 
to 0.97, p = 0.04). In a multivariable model in which exercise 
and rest systolic blood pressures were treated as continuous 
variables, a higher peak exercise systolic blood pressure was 
associated with a lower incidence of severe coronary disease 
(for a 15-mm Hg increase: adjusted OR 0.75, 95% CI 0.64- 
0.88, p = 0.0004), whereas ahigher est systolic blood pressure 
was associated with a higher incidence of severe coronary 
disease (for a 15-mm Hg increase: adjusted OR 1.42, 95% CI 
1.17 to 1.73, p = 0.0005). Similarly, in a multivariable model in 
which the increase in systolic blood pressure with exercise 
divided by exercise capacity in METs (ASBP/METs) was 
treated as a continuous variable, ASBP/METs was inversely 
associated with severe coronary disease (for a 5-ram Hg/MET 
increase: adjusted OR 0.63, 95% CI 0.47 to 0.84, p = 0.002). 
The associations between exercise and rest systolic blood 
pressures and severe angiographic coronary artery disease are 
Table 4. Prevalence of Coronary Disease as a Function of 
Exercise Hypertension 
Exercise Hypertension 
Present Absent p 
(n - 196) (n = 398) Value 
Any disease 111 (57%) 241 (60%) 0.36 
Severe disease 28 (14%) 98 (25%) 0.004 
Data presented are number (%) of subjects. 
shown in Figure 1. Within each gender-specific tertile of rest 
systolic blood pressure, the prevalence of severe coronary 
disease decreased with increasing exercise systolic blood pres- 
sure. Within each gender-specific tertile of exercise systolic 
blood pressure, the prevalence of severe coronary disease 
increased with increasing rest systolic blood pressure. 
Mortality analyses. During a mean follow-up period of 2 
years, there were 23 deaths; only 2 occurred in the group with 
exercise hypertension. As expected, rest hypertension was 
associated with a higher all-cause mortality rate (log-rank 
chi-square 9.76, p = 0.0018) (Fig. 2). However, exercise 
hypertension was associated with a lower all-cause mortality 
rate (unadjusted relative risk [RR] 0.19, 95% CI 0.04 to 0.77, 
log-rank chi-square 6.44, p = 0.01) (Fig. 3). 
Exercise hypertension remained predictive of a lower mor- 
tality rate after adjusting for age (adjusted RR 0.18, 95% CI 
0.04 to 0.78, p = 0.0220); gender (adjusted RR 0.19, 95% CI 
0.04 to 0.82, p = 0.0264); severe coronary disease prevalence 
(adjusted RR 0.20, 95% CI 0.05 to 0.84, p = 0.03); and rest 
hypertension (adjusted RR 0.15, 95% CI 0.03 to 0.63, p = 
0.01). Exercise capacity in metabolic equivalents also had little 
effect on the association between exercise hypertension and 
lower mortality rate. After adjusting for exercise hypertension, 
rest hypertension was associated with a higher mortality rate 
(RR 4.51, p = 0.0009). Adjustment for ST segment depression 
was not possible because only 15 patients died among those 
with interpretable ST segment changes. When peak exercise 
Figure 1. Prevalence ofsevere angiographic coronary artery disease 
(CAD) as a function of gender-specific tertiles of rest and exercise 
systolic blood pressures (SBP). 
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Figure 2. Kaplan-Meier survival plot as a function of rest hyperten- 
sion. Numbers below graph are number of patients without (top row) 
and with (bottom row) rest hypertension. 
1 
0.99 
0.98 
0.97 
0.96 
"=~ 0.96 
0.94 
0.93 ] 
0.92 ] 
0.91 1 
0.9 / I 
0 0,5 
N:196 19$ 
396 374 
Exercise Hypertension 
-.... 
Pffi0.01 
x /  
No Exercise Hypertension 
I 
I 
I I I I 
1 1.6 2 2.5 
Years of Follow-up 
t54 132 87 54 
320 237 t68 t00 
Figure 3. Kaplan-Meier survival plot as a function of exercise hyper- 
tension. Numbers below graph are number of patients without (top 
row) and with (bottom row) exercise hypertension. 
and rest systolic blood pressures were treated as continuous 
variables, a higher exercise systolic blood pressure was associ- 
ated with a lower adjusted mortality rate (for a 15-mm Hg 
increase: adjusted RR 0.67, 95% CI 0.50 to 0.90, p = 0.0072). 
In the source population of 9,608 adults, of whom 129 died, 
a higher exercise systolic blood pressure was also associated 
with a lower all-cause mortality' rate even after adjusting for 
age, gender, rest systolic blood pressure and other covariates 
(for a 15 mm Hg increase: adjusted RR 0.85, 95% CI 0.77 to 
0.94, p = 0.002). 
Selection of subjects for angiography according to exercise 
hypertension. An apparent association between exercise hy- 
pertension and a lower rate of severe coronary disease might 
be caused by a selection bias if the presence of exercise 
hypertension determines whether asubject will be referred for 
coronary angiography. To investigate this possibility, the asso- 
ciation between exercise hypertension a d coronary angiogra- 
phy referral was studied in the population of 9,608 adults from 
whom the study population was derived. Of this original 
population, 196 (5.7%) with and 398 (6.5%) without exercise 
hypertension u derwent coronary angiography. There was no 
significant association between exercise hypertension and re- 
ferral for coronary angiography (OR 0.87, 95% CI 0.73 to 1.03, 
p = 0.11). 
ST segment depression, angiographic oronary disease and 
exercise hypertension. Another potential source of bias re- 
lates to an increased rate of false positive ST segment re- 
sponses among patients with exercise hypertension, leading to 
a higher ate of exercise-hypertensive ubjects with less severe 
coronary disease being referred for coronary angiography. To 
test this possibility, the proportion of abnormal ST segment 
responses was analyzed according to the presence of exercise 
hypertension and severity of angiographic oronary disease. 
The results of these analyses are summarized inTable 5. When 
classified into groups according to the presence or absence of 
exercise hypertension, there were no significant differences in 
the proportion of abnormal ST segment responses among 
patients with no coronary mild (i.e., not severe) angiographic 
coronary disease. There was no association between ST seg- 
ment responses and exercise hypertension i  different angio- 
graphic subsets whether abnormal ST segment responses were 
defined leniently (->l-ram horizontal or downsloping depres- 
sion) or strictly (->3-mm horizontal or downsloping depres- 
sion). Thus, possible bias related to a higher proportion of 
abnormal ST segment responses among subjects with exercise 
hypertension a d less severe coronary disease did not appear 
to be a factor. Furthermore, the proportion of patients with 
and without exercise hypertension a d normal coronary angio- 
graphic findings (i.e., no significant coronary disease) were 
essentially equivalent (40% and 43%, respectively, p > 0.3). 
Discuss ion  
In a population sample of adults referred for symptom- 
limited treadmill exercise testing and coronary angiography, 
exercise hypertension (peak exercise systolic blood pressure 
---210 mm Hg in men or ->190 mm Hg in women) was 
predictive of a lower prevalence of severe angiographic coro- 
nary artery disease and a lower adjusted mortality rate. Al- 
though exercise hypertension was often associated with rest 
hypertension, rest hypertension predicted a higher prevalence 
of severe angiographic coronary artery disease and a higher 
adjusted mortality rate. 
To our knowledge, this is the first study to analyze data 
relating exercise hypertension to angiographic severity of 
coronary artery disease. 
Clinical implications of exercise hypertension. The clinical 
importance of exercise hypertension has been studied by a 
number of investigators with conflicting results. In healthy 
normotensivc adults, exercise hypertension may be associated 
with the subsequent development of rest hypertension (1,2) 
and echocardiographic left ventricular hypertrophy (3,4). How- 
ever, the prognostic importance of exercise hypertension is 
unclear. Some groups have reported that exercise hypertension 
has an independent, adverse impact on outcome (6,7), whereas 
others have not reported this finding (5). Because our subjects 
underwent evaluation for clinically suspected coronary disease, 
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Table 5. Abnormal ST Segment Response According to Angiographic Coronary Disease and 
Exercise Hypertension 
Abnormal ST Response and 
Exercise Hypertension 
ST Segment 
Criteria* Present Absent RR (95% CI) p Value 
No CAD 
>1 mm 35/67 (52%) 52/I 16 (45%) 1.17 (0.85-1.59) > 0.3 
->3 mm 17/85 (20¢~ / 25/157 (16%) 1.26 (0.72-2.20) > 0.4 
Mild CAD* 
-> 1 mm 43/66 (65 ~,i ) 76/1111 (69q) 0.94 (0.76-1.17) > 0.5 
->3 mm 14/83 (17C~/) 21/143 (15c:~) 1.15 (0.62-2.14) > 0.6 
Analyses were confined to subjects with interpretable ST segment responses. *Abnormal response defined leniently 
(->l-ram) or strictly (->3-ram horizontal or downstoping ST segment depression). Data presented are number (%) of 
subjects. CAD - coronary, after, disease; CI = confidence interval; RR = relative risk. 
the current data cannot be directly compared with those of 
previous tudies. 
Exercise hypertension and coronary disease. Two previous 
studies have investigated the importance of exercise hyperten- 
sion in subjects with suspected coronary disease. The Seattle 
Heart Watch Study (8) involved symptom-limited treadmill 
tests in 2,532 healthy, asymptomatic adults, 592 with hyperten- 
sion and 1,586 with clinical manifestations of coronary disease 
(8). Among the subjects with manifestations of coronary 
disease who did not undergo surgical therapy, a high exercise 
systolic blood pressure was associated with a lower rate of 
sudden death, noncardiac sudden death and total all-cause 
mortality. In a study of 3,609 men referred for treadmill testing 
in the Veterans Affairs system (9), subjects without a cardio- 
vascular event at follow-up had a higher peak exercise systolic 
blood pressure (176 vs. 157 mm Hg, p < 0.001) and a greater 
increase in exercise systolic blood pressure (47 vs. 27 mm Hg, 
p < 0.001) than those with a cardiovascular event. However, 
neither of these two studies systematically considered any 
association between exercise systolic blood pressure response 
and angiographic severity of disease. 
The current study extends these findings by addressing the 
association of exercise hypertension with angiographic find- 
ings. Consistent with the results of the Seattle Heart Watch 
and Veterans Affairs studies, exercise hypertension was asso- 
ciated with a lesser severity of angiographic coronary disease 
and a lower all-cause mortality rate, even after adjusting for 
severity of coronary disease or rest hypertension. 
Potential mechanisms. As shown in Table 2, subjects with 
exercise hypertension had equivalent rates of ischemic ST 
segment changes and slightly lower rates of anginal chest pain 
but had better heart rate responses to exercise (in men). Thus, 
the exercise hypertension group exercised to a higher heart 
rate-systolic blood pressure product, representing reater 
myocardial oxygen demand. Thus, subjects with exercise hy- 
pertension had less severe angiographic coronary disease, with 
less severe ischemic limitation of myocardial work. 
Potential limitations. A major concern in interpreting any 
study relating exercise to angiographic findings stems from 
possible "workup bias," in which the results of the exercise test 
determine in part whether coronary angiography will be per- 
formed (17). Because a hypotensive r sponse to exercise or a 
blunted response (18) is known to be associated with high risk 
disease, subjects who did not augment systolic blood pressure 
by at least 10 mm Hg were excluded from analyses. If exercise 
hypertension is perceived to be associated with less severe 
disease, then a lower angiographic rate in subjects with exer- 
cise hypertension would be expected to inflate any apparent 
association between these two findings. In fact, the angio- 
graphic rate was only slightly lower among subjects with 
exercise hypertension (5.7 vs. 6.5%, p = 0.11), and therefore 
any significant bias was unlikely. The lower adjusted all-cause 
mortality rate would not have been affected by such workup 
bias and arguably confirms the angiographic findings. 
Another potential source of bias might be a tendency 
toward a higher proportion of "false" abnormal ST segment 
responses in subjects with exercise hypertension, leading to a 
tendency to refer patients with less severe coronary disease to 
coronary angiography in that group. However, as shown in 
Table 5, there were no marked associations between the 
presence or absence of exercise hypertension a d the propor- 
tion of subjects with an abnormal ST segment response among 
patients with no and those with mild (i.e., not severe) coronary 
disease. These findings, along with the similar proportion of 
normal coronary angiographic results in subjects with and 
without exercise hypertension, argue that the association be- 
tween exercise hypertension a d a lower prevalence of severe 
coronary disease is strengthened. 
The use of indirect, as opposed to direct, measures ofblood 
pressure during exercise may have decreased the accuracy of 
blood pressure measurements. Because measurements of 
blood pressure were obtained without knowledge of angio- 
graphic results, it is unlikely that this materially affected the 
main findings. 
Conclusions. The clinical significance of exercise hyperten- 
sion remains controversial, with conflicting results reported 
mainly from studies in healthy adults but heretofore not linked 
with angiographic findings. However, the results of the current 
study, in a large cohort of adults with known or strongly 
suspected coronary disease, indicate that exercise hypertension 
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appears to be associated with less severe angiographic disease 
and a better prognosis. 
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